A mono-quaternary amine, cetyltrimethylammonium bromide (Cetrimide), and a bisquaternary diamine, triclobisonium chloride (Triburon), were examined for their action on Aspergillus niger. Cetrimide, a t 30 pg./ ml. inhibited growth, but the organism was not inhibited by as much as 1.28 mg. Triburon/ml. Cetrimide a t 20 pg./ml. inhibited citric acid accumulation. Triburon, a t concentrations up to 160 ,ug./ml., increased the citric acid concentration, the maximum yield being at 40 pg. Triburon/ml. ; a t higher concentrations of Triburon there was an inhibition of citric acid production. The effect of Triburon was still perceptible in the presence of ferric ions. Cetrimide and Triburon brought about an initial increase in sterol concentration, followed by a decrease at higher concentrations of these compounds. The effects of these compounds on citric acid production by preformed mycelia were similar to the effect on cultures growing from spores.
INTRODUCTION
The use of quaternary ammonium compounds as topical antibacterial substances has become increasingly popular in recent times. A new class of these compounds, belonging to the bisquaternary group, has shown promise as systemic therapeutic agents as well (Schnitzer, Grunberg & DeLorenzo, 1960) . Quaternary ammonium compounds are known to be comparatively innocuous to spore-forming organisms. A preliminary study in our laboratory showed a monoquaternary ammonium compound (cetyltrimethylammonium bromide, Cetrimide) to be highly inhibitory to the growth of Aspergillus niger, whereas a bisquaternary diamine (triclobisonium chloride, Triburon) was completely ineffective, The present paper deals with the effects of the two compounds on the growth and some aspects of the metabolism of A. niger.
METHODS
Triclobisonium chloride, N,N'-bis[ 1 -methyl-3-( 2,2,6, -trimethylcyclohexyl)prop yl]-N,N'-dimethyl-lY6-hexanediamine bis(methochloride), (Triburon), was a gift from Hoffmann-La Roche, Inc., Basle (see Schnitzer, Grunberg, DeLorenzo & Bagdon, 1959) . Cetrimide (cetyltrimethylammonium bromide) was the gift of Imperial Chemical Industries, Ltd.
Organism. The citric acid-accumulating strain of Aspergillus niger (Wisc. 72-4) was used, and was maintained by monthly subculture on potato glucose agar slopes.
Growth ezperiments. The organism was grown in 100 ml. conical flasks containing 10 ml. of the basal medium, which contained (g./l.); glucose, 150; NH,NO,, 2.5; dissolved in triple glass-distilled water, and adjusted to pH 2.5 with HC1. The flasks were plugged with cottonwool and sterilized by autoclaving at 115' for 15 min, After cooling they were inoculated with a spore suspension from a 7-day slope culture. The flasks were incubated at 30' without shaking for the specified periods. After killing the organism by autoclaving, the mycelial mats were taken out, washed under the tap to remove spores, squeezed between filter-paper sheets and dried at 100". The dry weight of the mycelium was used as a measure of growth.
Addition of the inhibitors. Cetrimide and Triburon were used as aqueous solutions and were either autoclaved in the basal medium, or sterilized separately by Seitz filtration and then added aseptically to previously autoclaved basal medium. Both methods gave identical results.
Experiments with resting mycelia of Aspergillus niger. The replacement technique used by Chughtai & Walker (1954) was adopted with minor modifications. The organism was initially grown for 4 days in 10 ml. lots of basal medium in 100 ml. conical flasks. On the 4th day, the culture medium was withdrawn and replaced aseptically with an equal volume of sterile basal medium without glucose. The flasks were then incubated overnight to make the mycelia use up any adsorbed glucose. The liquid in the flasks was again withdrawn and replaced with 10 ml. of 5% glucose solution, with or without the addition of the inhibitors as desired, and the flasks incubated at 30" for 24 hr.
Estimation of total acid and citric acid. Estimation of glucose. Glucose consumption was measured by estimating the glucose remaining in the medium by the colour reaction with anthrone (Seifter, Dayton, Novic & Muntwyler, 1950) .
Oxygen consumption of Aspergillus niger mycelium in presence of Cetrimide or
Triburon. The organism was grown on the usual basal medium for 4 days, by which time uniformly thick mycelia formed. The mats were taken out, washed with distilled water, and pieces of equal weight (250 mg. fresh weight) cut out and placed in Warburg flasks of 16 ml. capacity, containing 3.0 ml. fresh basal medium, and different concentrations of the inhibitors. The gas phase was air, and oxygen consumption was measured by conventional methods (Umbreit, Burris & Stauffer, 1951) during 6 hr. a t 30'. Oxygen consumption of mycelia grown in presence of the inhibitors was similarly measured.
RESULTS

The eflect of Cetrimide and Triburon on growth, citric acid production and sterol concentration in Aspergillus niger
The incubation periods were 5 and 8 days. Under the conditions used, maximum acid production and growth was obtained at the end of 5 days; and when the incubation was continued longer, the yield of citric acid and the mycelial weight both decreased. The results in Table 1 show that Cetrimide was inhibitory to the organism. Triburon, on the other hand, seemed to increase the mycelial weight. Sub-inhibitory concentrations of Cetrimide increased the sterol content two-to threefold, but had practically no effect on the formation of citric acid. Triburon produced similar, but less pronounced increases in sterol concentration. Intermediate concentrations of Triburon more than double citric acid formation. At higher concentrations, Triburon inhibited citric acid formation. flasks by estimating the residual glucose; these results are presented in Table 2 , including the yields of citric acid on the basis of glucose consumed. No significant effect of either substance on glucose consumption was observed, except for the inhibition produced by the highest concentrations of Cetrimide; in this case only the fermentation period of 5 days was studied.
Eflect of Triburon on citric acid production in the presence of ferric ion
Since the effect of Triburon on citric acid production ( 1948) in so far as the yield of citric acid increased at first with increasing concentrations of Tribnron, and then sharply decreased almost to zero, we examined whether this effect would persist in the presence of ferric ion. Two concentrations of iron were used, one being optimum for citric acid accumulation, and the other causing about 75 yo inhibition of citric acid accumulation, These concentrations were determined in a separate experiment, and agreed with those reported by Shu & Johnson (1948) . It was found that the effects of Triburon did persist in the two concentrations of iron, as shown in Table 3 . The consumption of glucose was the same in the presence of iron as in its absence, and hence the highest amount of citric acid produced under the combined action of Triburon and iron represents a yield of about 72 yo on the basis of glucose consumed. Table 4 . Intermediate concentrations of Triburon were found to stimulate citric acid production, whereas Cetrimide had no such effect.
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Ozygen consumption of Aspergillus niger mycelium under the injluence of Cetrimide and Triburon The inhibitors, at the concentrations used (0.4 mg. Cetrimide/ml.; 2.0 mg. Triburon/ml.), did not significantly affect oxygen consumption of Aspergillus niger mycelium. Oxygen consumption of mycelia grown in the presence of the two substances also did not differ significantly from that of normal mycelium.
DISCUSSION
The wide difference in the potencies of the two quaternary amines as inhibitors of Aspergillus niger is surprising. We have found (unpublished) that Cetrimide and Triburon are almost equally efficient (on a weight basis) in inhibiting the growth of such diverse organisms as Saccharomyces cerevisiae, Torula utilis, several lactic acid bacteria, Escherichia coli, Staphylococcus aureus and Streptomyces griseus. Further, no alteration in the sterol concentration was caused by the two inhibitors in such of the above organisms as contain sterol. The toxicity of both the quaternary amines for micro-organisms, including A . niger, increases with increasing pH value of the medium (unpublished work), whereas their detergent properties would decrease. Besides, the minimum concentration of Cetrimide required for micelleformation, which is considered to be essential for detergent action, appears to be several times higher than the concentration a t which inhibitory action becomes manifest. Hence, it seems reasonable to assume that the differences in the properties of the two quaternary amines cannot be attributed to the lack of detergent properties of the diamine Triburon.
Yields of citric acid corresponding to 70% of glucose consumed have been reported in submerged as well as surface fermentation (Shu & Johnson, 1948; Perlman, Dorrell & Johnson, 1946) . However, we did not obtain such high yields in our usual basal medium, The high yields obtained in the presence of suitable concentrations of Triburon, taken in conjunction with the lack of effect of the compound on glucose consumption, makes it look as though Triburon specifically alters glucose metabolism in favour of citric acid accumulation, Triburon causes alterations in the amounts of citric acid and of sterol, the effects being qualitatively similar. This would suggest that Triburon affects the synthesis or utilization of a common precursor, such as acetate, if it be assumed that most of the citric acid in Aspergillus niger is formed via the tricarboxylic acid cycle (see Ramakrishnan, Steel & Lentz, 1955; Bomstein & Johnson, 1952) . However, it may be noted that Cetrimide, while greatly increasing the concentration of sterol, had no significant effect on citric acid synthesis. The data on oxygen consumption and glucose utilization suggest that effects of the inhibitors on these functions would not account for the observed effects on citric acid accumulation. The persistence of the influence of Triburon on citric acid production in the presence of ferric ion shows that the effects of this bisquaternary diamine and of the metal are independent of each other.
The help of Mrs Yeshodha G. Duraiswami in confirming some of the results is acknowledged with pleasure. One of the authors (T. S. R.) is the holder of a research fellowship of the Council of Scientific & Industrial Research, India.
